The results presented in this study indicate low to moderate level of heritable variation for the following fitness components in Drosophila melanogaster sampled from natural population: early and late fecundity of females, virility of males and longevity of females and males. The most striking exception from this are high additive genetic variances for preadult developmental duration in both sexes. Females exhibit significant negative genetic correlations between early and late components of fitness. In contrast to females, we did not observe any measurable correlations between components of fitness in males. Our data suggest that genetic covariance structure between fitness components differs by sex. We also observed significant negative correlations between virility of males and late components of female life history.
INTRODUCTION
In 1957 Williams suggested that genes with beneficial effects during the first stages and pleiotropic deleterious effects in later periods of life history would be favoured by natural selection. According to Williams's theory, there should be a negative genetic correlation between early and late components of fitness. The assumption of negative genetic correlation among life history fitness components is also pivotal to the theory of life history evolution (see, e.g., Charlesworth, 1980) .
Until very recently the supportive data for the evolutionary theory of life history were almost absent. Several recent studies (e.g., Rose and Charlesworth, 1981; Hegmann and Dingle, 1982; Luckinbill and Clare, 1985; Roach, 1986) have provided evidence of negative genetic correlation among traits at early and late stages of life history. However, Giesel et a!. (1982) , Stearns (1983) , Murphy et a!. (1983) , Bell (1984) , and Mitchell- Olds (1986) found no evidence of negative correlations among fitness components. Several studies that fail to show negative genetic correlations are methodologically flawed (see e.g., Reznick, 1985) . In addition to these controversial results, the extent of fitness heritability in real populations is uncertain (see, e.g., Partridge, 1983 and Mitchell-Olds and Virility of males was measured as follows. The individual 11-day-old experimental male (which previously spent 10 days with his full sister from the fecundity experiment) and one e (ebony body colour; the recessive marker on the third chromosome) male of the same age and virgin status were kept in a mating chamber (about 60 ml food bottle) with four 5-day-old virgin e females. All six flies were placed in a mating chamber without etherisation. After 10 hours in the mating chambers, the parent flies were recounted and females placed individually in food vials (experimental males were returned into the original vials). The progenies in each vial were later scored to indicate the type of male with which the female had mated: wild type progeny implied an experimental male, whereas e progeny implied an e male. This experimental procedure was done with 4 experimental males per each dam. The virility (V) of experimental males relative to the control males was estimated using the method of Haldane (1956; see also Brittnacker, 1981) . The nested analysis of variance was done on the data following the arcsin ./ V/(V + 1) transformation.
For longevity measurements, experimental females and males were kept together as pairs. New males or females were added to each vial with asynchronous death of the mates. The medium was changed weekly. The number of flies which died was counted every day. Longevity is defined as the life span of adults, from eclosion until death.
All cultures were maintained in the incubator at 25°C and 60 per cent humidity, using a yeast medium for Drosophila (Ohba, 1961) . All handling was performed at room temperature, using ether anaesthesia.
The phenotypic variance components were estimated using the conventional formulae for sib analyses (Becker, 1967; Falconer, 1981) . Since our data are unbalanced (unequal number of offspring per dam and of dams per sire), exact significance tests for the estimated genetical parameters cannot be made. Even though the exact significance tests are not available, the test for the unequal sizes in a nested design suggested by Falconer (1963) was used in the present paper.
RESULTS Table 1 gives the main results of the sib analyses for different fitness components in D. melanogaster females and males. The effects of epistasis and linkage have been assumed to be negligible for these analyses. The patterns for the most traits suggest that between-dam variances are greater than the between-sire components, indicating a substantial bias due to non-additive genetic variance, or variance due to common environment. Therefore, as suggested by Falconer (1981) , only the sire component can be used to estimate heritability of fitness components. The variance could be partitioned into additive genetic variance (VA), dominance variance (VD) and two forms of environmental variance; VE, due to common environment between full sib families and VEW, environmental variance within full sib families (Falconer, 1981) . The estimates of the variance components in table 1 are based on the assumption of significant VD and negligible VD, and that VE, =0. Although we estimated the maximum possible value for VD, it is interesting to compare 1TD and VA for different fitness components. The most striking finding from these comparisons are the relatively small VD values for preadult developmental duration for both sexes.
The largest VD/ VA ratios were found for longevity of females and males. This is reflected, of course, in the estimations of heritability of these fitness components. The present experiment suggests that heritability for fitness components in D.
melanogaster varies from 003 (for female longevity) to 091 (for preadult developmental time of the females). Heritabilities of all fitness components except preadult developmental duration are not significantly different from zero. Most Our data also suggest a positive genetic correlation between preadult developmental duration and longevity of females (TG=O87, P<0.01). The genetic correlation between the length of preadult development and late fecundity has a negative statistically significant value (rG = -1.08, P < 0.01). While it appears that early fecundity has a nonantagonistic relationship with developmental rate, the absence of statistical significance of correlation coefficients (both phenotypic and genetic) suggests that this result must be taken with a caution. Table 2 also gives the estimates of phenotypic and genetic correlations between different fitness components of D. melanogaster males. In contrast to females, in males no genetic correlations were significant. (Fisher, 1930) .
However, interpretation of heritability data as well as genetic correlations among characters with large effects on fitness is not straightforward. For instance, Fisher's observation of decreasing additive genetic variance concerns total fitness, but not fitness components. If so, we should expect, as pointed out by Falconer (1981) , "additive genetic correlations between characters that are major components of fitness to be negative" (p. 306).
This conclusion arises from elementary consideration: gene alleles which give rise to positive genetic correlations among fitness components should be driven toward fixation. Thus, it could be expected that in a large panmictic population at selective equilibrium any remaining genetic covariance among major fitness components will be mostly negative. In such populations, therefore, negative genetic correlations among fitness components could be an important mechanism for the maintenance of genetic variation. On the other hand, as predicted by quantitative genetics theory, any local populational subdivision with some level of inbreeding will cause positive genetic correlations among major fitness components. This sort of genetic correlation may be generated by inbreeding if deleterious recessive alleles have negative pleiotropic effects in all fitness components.
The results presented here indicate low-tomoderate level of heritable variation for the most analysed fitness components in D. melanogaster females and males. The presented data are also consistent with the hypothesis that the largest component of genetic variation for fitness is dominance variance (see, e.g., MacKay, 1986) . The most striking exceptions from this are high additive genetic variances for egg-to-adult developmental time in both sexes (table 1). The high level of additive variance for preadult developmental duration presumably reflects the effects of stabilising selection for a fluctuating and, temporally uncertain, intermediate optimum (see Istock, 1983 , for further discussion). The alternative explanation, that this level of additive variance for developmental time is due to disruptive selection, although not impossible, seems less likely. Prout (1962) showed that in D. melanogaster the increase in developmental time variance with disruptive selection did not involve an increase in additive genetic variance.
Our estimations of heritability for longevity, female fecundity and preadult developmental duration are in accordance with those of Tantawy and El-HeIw (1970) . They also showed little or no heritable variation for fecundity and longevity, whereas the additive variance of preadult developmental time was very high.
Our fecundity data seem to be contradictory to those obtained by Rose and Charlesworth (1981) . Their findings suggest that the narrow sense heritability of fecundity falls from 03-04 at early ages to 02-03 at later ages. Our data showed the opposite trend; at early age our estimate was about 011 but at later age it increased to 023. In addition, we did not observe any change in environmental variance across different age classes of fecundity. Although small sample size necessitate caution in interpretation, these results are interesting. It seems conceivable that genes affecting late fecundity have smaller effects in wild Drosophila populations than those acting at earlier ages, but in special circumstances (as in the case of the overwintering adults) it is very likely that fecundity at later ages might be significant. It is intriguing, therefore, to consider the possibility that agedependent effects on heritability may have been selected to favour continued reproduction by older parents, since their progeny might be better adapted to changes in environmental conditions due to greater genetic variability. Our findings that heritability of fecundity increases with advancing age of females are parallel to those for heritabilities of meristic characters in Drosophila and guppy fish Poecelia obtained by Beardmore et al. (1975) and Beardmore and Shami (1976) .
The male reproductive components of fitness have been measured in a female-choice, male mating competition experiment. Thus, "virility" (Prout, 1971a ) is a composite aspect of fitness, involving physiological and behavioural abilities of males, as well as their actual performance under competitive conditions. The estimated heritability for virility is about twice the size of heritability for the fecundity at early ages (i.e., 025 vs. 0.11). This indicates that genetic variation due to virility could be greater than that due to female reproductive component at about same age of the flies. It is consistent with results of Prout (1971a, b) , Bungaard and Christiansen (1972) and Anderson et al. (1979) , who showed that both in laboratory and in wild populations of Drosophila a large amount of selection could occur among males. Brittnacker (1981) showed that chromosome homozygosity in D. melanogaster and D. pseudoobscura had a more pronounced effect on virility than on viability or female reproductive component.
The studies of life history evolution ignore males altogether. The underlying assumption is that aspects of the male life history are not correlated with female fitness components. However, empirical evidence for this assumption are almost absent. Brittnacker(1981) found no significant correlation between virility and female weight (which is an index of female fecundity). This author also found no correlation between viability and virility of males when he compared different chromosomal homozygotes.
We did not observe any measurable correlation between virility and developmental time or longevity of males. Interestingly enough, females exhibit significant negative genetic correlations between early and late components of fitness. It seems, therefore, that genetic covariance structure between fitness components differs by sex. At present, our data do not enable us to offer any conceivable hypothesis on the mechanism involved in the expression of sex differences in covariance structure between fitness components. In general, however, the covariance structure may differ between sexes because some autosomal genes are expressed differentially in the hormonal environment of each sex (Robertson, 1959) .
Alternatively, the specific genotype by sex interaction arises when some genes influencing expression of fitness components occur on the X chromosome. Since the chromosome in D.
melanogaster contains about 20 per cent of the haploid genome and because the level of dosage compensation in this Genus could complicate expression of polygenes (see e.g., Cowley et a!., 1986) , clarifying the underlaying factors is important to understanding the sex differences in covariance structure between fitness components.
Although there is a clear need for replications of these types of studies, significant negative correlations between virility of males and late components of female life history (i.e., late fecundity and longevity) lead to the tentative conclusion that variation in male mating success could be, in part, responsible for the evolution of the antagonistic relationship between early and late components of fitness observed in female individuals.
